Abstract. The apparent unification of gauge couplings around 10 16 GeV is one of the strong arguments in favor of Supersymmetric extensions of the Standard Model (SM). In this contribution two new analyses of the gauge coupling running, the latter using in contrast to previous studies not data at the Z peak but at LEP2 energies, are presented. The generic SUSY scale in the more precise novel approach is 93 < M SUSY < 183 GeV, easily within LHC, and possibly even within Tevatron reach.
INTRODUCTION
In this paper we address the hot topic of the possible scale at which Supersymmetry could manifest itself by performing indirect analyses based on the running of gauge couplings in two ways:
• first a -by now "traditional" 1 -analysis of gauge coupling unification in a grand unification theory, using the latest experimental inputs, mainly at the Z peak scale, combined with a detailed statistical approach • a novel analysis, including for the first time high precision data collected at LEP2, which can shed light on the actual running of couplings from the Z peak to ≈ 207 GeV.
In the first approach in contrast to the SM the Minimal Supersymmetric Standard Model (MSSM) leads to a single unification scale of a Grand Unified Theory (GUT), if we let the couplings run accordingly. The relevant parameters are: M SUSY -a single generic SUSY scale where the spectrum of supersymmetric particles starts to play a role, and M GUT -the scale of grand unification where the electromagnetic, weak and strong coupling come together as an unified coupling α GUT .
"TRADITIONAL" RUNNING COUPLINGS ANALYSIS
We update the analysis [2] , using the same fitting procedure and experimental inputs except for the stong coupling where we incorporate new data. Different measurements and world averages typically fall in two groups which we will call "high" and "low"
The results of the fits are summarized in Table 1 . The strong coupling is a key for interpreting the results: the "high" α s (M Z ) values require an uncomfortably low SUSY scale ∼ 10 GeV -way below the experimental lower limit ∼ 100 GeV. The "low" α s (M Z ) values favor values for the SUSY scale just above the present limits, e.g. for α s (M Z ) = 0.1182 we get M SUSY < 265 GeV at one-sided 95 % CL -well in the LHC or even Tevatron direct discovery range. We perform a new more "direct" analysis by adding more data. LEP2 has measured thecross section above the Z pole [3] with combined precision from the four experiments ∼ 1 % and theoretical uncertainty < 0.3 %. We fit the data computing the running of the couplings from the Z peak to the highest LEP2 energies in the SM or in MSSM with the scale as free parameter. All three couplings change in a different way in the two cases if the SUSY scale is in this mass range. As all couplings affect the theory prediction for σ, they could give measurable effects at this level of precision. The slight "excess" ∼ 2 standard deviations is "filled" nicely if the couplings run as predicted in MSSM. Practically all high precision points are slightly above the SM prediction as could be the case if SUSY starts to take over -see Figure 1 . Of course a more mundane explanation, which can not be ruled out at the current level of precision and understanding, is that we have a normalization problem either on the theoretical or experimental side. The scale is fitted to be 93 < M SUSY < 183 GeV at 95 % con f idence level.
ANALYSIS OF LEP2 DATA
Precision measurements of the strong coupling α s above the Z pole can provide new information. This coupling changes the fastest in this energy range, but is also the hardest to measure. Systematic uncertainties are dominant both at LEP2 (theory and hadronization) and CDF (energy scale and resolution; interplay with the gluon parton density function uncertainty at high X values). As shown in Figure 2 the experimental precision starts to approach the effects predicted by using our best fit value for the SUSY scale from σ. If the Tevatron experiments benefit fully from the increased statistics in Run 2 to control the systematics better and probe higher energy scales, they could possibly provide new independent evidence for the scale of supersymmetry. FIGURE 2. Measurements of α s above the Z pole together with the SM or SUSY predictions, using our best fit for the latter.
